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(54) Frame format for high data throughput wireless local area network transmissions 



(57) A frame format for high data throughput wire- 
less local area network transmissions includes a first 
preamble segment, a second preamble segment, and a 
variable length data segment. The first preamble seg- 
ment includes a first training sequence, a second train- 
ing sequence, and a high throughput channel indication, 
wherein the first training sequence is within a first set of 
subcarriers of a channel and the second training se- 



quence is within a second set of subcarriers of the chan- 
nel, wherein the first set of subcarriers is a subset of the 
second set of subcarriers. The second preamble seg- 
ment includes a third training sequence within a third set 
of subcarriers of the channel, wherein the second set of 
subcarriers is a subset of the third set of subcarriers. 
The variable length data segment utilizes the third set 
of subcarriers to convey data. 
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Description 

CROSS REFERENCE TO RELATED PATENTS 

[0001] This patent is claiming priority under 35 USC 5 
§ 1 1 9 (e) to pending provisionally filed patent application 
entitled CONFIGURABLE SPECTRAL MASK FOR 
USE IN A HIGH DATA THROUGHPUT WIRELESS 
COMMUNICATION, having a provisional serial number 
of 60/524,528, and a filing date of 1 1/24/2003. 10 

BACKGROUND OF THE INVENTION 

TECHNICAL FIELD OF THE INVENTION 

15 

[0002] This invention relates generally to wireless 
communication systems and more particularly to high 
data throughput communications in such systems. 

DESCRIPTION OF RELATED ART 20 

[0003] Communication systems are known to support 
wireless and wire lined communications between wire- 
less and/or wire lined communication devices. Such 
communication systems range from national and/or in- 25 
temational cellular telephone systems to the Internet to 
point-to-point in-home wireless networks. Each type of 
communication system is constructed, and hence oper- 
ates, in accordance with one or more communication 
standards. For instance, wireless communication sys- 30 
terns may operate in accordance with one or more 
standards including, but not limited to, IEEE 802.11, 
Bluetooth, advanced mobile phone services (AMPS), 
digital AMPS, global system for mobile communications 
(GSM), code division multiple access (CDMA), local 35 
multi-point distribution systems (LMDS), multi-channel- 
multi-point distribution systems (MMDS), and/or varia- 
tions thereof. 

[0004] Depending on the type of wireless communi- 
cation system, a wireless communication device, such *o 
as a cellular telephone, two-way radio, personal digital 
assistant (PDA), personal computer (PC), laptop com- 
puter, home entertainment equipment, et cetera com- 
municates directly or indirectly with other wireless com- 
munication devices. For direct communications (also 45 
known as point-to-point communications), the partici- 
pating wireless communication devices tune their re- 
ceivers and transmitters to the same channel or chan- 
nels (e.g., one of the plurality of radio frequency (RF) 
carriers of the wireless communication system) and 50 
communicate over that channel(s). For indirect wireless 
communications, each wireless communication device 
communicates directly with an associated base station 
(e.g., for cellular services) and/or an associated access 
point (e.g., for an in-home or in-building wireless net- 55 
work) via an assigned channel. To complete a commu- 
nication connection between the wireless communica- 
tion devices, the associated base stations and/or asso- 



2 

dated access points communicate with each other di- 
rectly, via a system controller, via the public switch tel- 
ephone network, via the Internet, and/or via some other 
wide area network. 

[0005] For each wireless communication device to 
participate in wireless communications, it includes a 
built-in radio transceiver (i.e., receiver and transmitter) 
or is coupled to an associated radio transceiver (e.g., a 
station for in-home and/or in-building wireless commu- 
nication networks, RF modem, etc.). As is known, the 
transmitter includes a data modulation stage, one or 
more intermediate frequency stages, and a power am- 
plifier. The data modulation stage converts raw data into 
baseband signals in accordance with a particular wire- 
less communication standard. The one or more interme- 
diate frequency stages mix the baseband signals with 
one or more local oscillations to produce RF signals. 
The power amplifier amplifies the RF signals prior to 
transmission via an antenna. 

[0006] As is also known, the receiver is coupled to the 
antenna and includes a low noise amplifier, one or more 
intermediate frequency stages, a filtering stage, and a 
data recovery stage. The low noise amplifier receives 
inbound RF signals via the antenna and amplifies them. 
The one or more intermediate frequency stages mix the 
amplified RF signals with one or more local oscillations 
to convert the amplified RF signal into baseband signals 
or intermediate frequency (IF) signals. The filtering 
stage filters the baseband signals or the IF signals to 
attenuate unwanted out of band signals to produce fil- 
tered signals. The data recovery stage recovers raw da- 
ta from the filtered signals in accordance with the par- 
ticular wireless communication standard. 
[0007] The assigned channel, or channels, over 
which the direct or indirect communication occurs is de- 
fined by the standard, or standards, supported by the 
wireless communication devices. For example, IEEE 
802.11 (a) and (g) provide a channel spectral mask for 
20 MHz orthogonal frequency division multiplexing 
(OFDM) channels. The standards also define the man- 
ner in which devices communicate over the channel. For 
example, the IEEE 802.11 (a) and (g) standards define 
a frame structure for communicating via a channel in a 
WLAN. The frame includes a preamble and a variable 
length data segment. The preamble includes a short 
training sequence, a long training sequence, and a sig- 
nal field, which provides rate information of the data and 
length of the data segment. 

[0008] Each receiving wireless communication de- 
vice uses the frame preamble for signal detection, au- 
tomatic gain control adjustments, diversity determina- 
tions, frequency adjustments, timing synchronization, 
and channel and fine frequency offset estimation. Such 
a frame format allows the wireless communication de- 
vices of a WLAN to communicate in a very specific man- 
ner. This frame format, however, does not accommo- 
date higher data throughput rates, with backward com- 
patibility to existing WLAN equipment, and various wire- 



EP 1 533 963 A2 



2 



3 



EP 1 533 963 A2 



4 



less channel configurations. 

[0009] Therefore, a need exists for a new frame for- 
mat that enables wireless communication devices to 
support a variety of wireless channel configurations and/ 
or high throughput data rates. 5 

BRIEF SUMMARY OF THE INVENTION 

[0010] The frame format for high data throughput 
wireless local area network transmissions of the present 10 
invention substantially meets these needs and others. 
In one embodiment, a frame format for high data 
throughput wireless local area network transmissions 
includes a first preamble segment, a second preamble 
segment, and a variable length data segment. The first 15 
preamble segment includes a first training sequence, a 
second training sequence, and a high throughput chan- 
nel indication, wherein the first training sequence is with- 
in a first set of subcarriers of a channel and the second 
training sequence is within a second set of subcarriers 20 
of the channel, wherein the first set of subcarriers is a 
subset of the second set of subcarriers. The second pre- 
amble segment includes a third training sequence within 
a third set of subcarriers of the channel, wherein the sec- 
ond set of subcarriers is a subset of the third set of sub- 25 
carriers. The variable length data segment utilizes the 
third set of subcarriers to convey data. 
[0011] In another embodiment, an apparatus for 
transmitting a frame within a high throughput wireless 
local area network includes a processing module, mem- 30 
ory, and a radio frequency transmission circuit. The 
memory is operably coupled to the processing module, 
wherein the memory stores operational instructions that 
cause the processing module to prepare the frame by: 
generating a first preamble segment including a first 35 
training sequence, a second training sequence, and a 
high throughput channel indication, wherein the first 
training sequence is within a first set of subcarriers of a 
channel and the second training sequence is within a 
second set of subcarriers of the channel, wherein the 40 
first set of subcarriers is a subset of the second set of 
subcarriers; generating a second preamble segment in- 
cluding a third training sequence within a third set of sub- 
carriers of the channel, wherein the second set of sub- 
carriers is a subset of the third set of subcarriers; gen- 45 
erating a variable length data segment utilizing the third 
set of subcarriers to convey data. The radio frequency 
transmission circuit is operably coupled to transmit the 
first preamble segment, the second preamble segment, 
and the variable length data segment as the frame. so 
[0012] According to an aspect of the invention, a 
frame format for high data throughput wireless local ar- 
ea network transmissions is provided, the frame format 
comprises: 

55 

a first preamble segment including a first training 
sequence, a second training sequence, and a high 
throughput channel indication, wherein the first 



training sequence is within a first set of subcarriers 
of a channel and the second training sequence is 
within a second set of subcarriers of the channel, 
wherein the first set of subcarriers is a subset of the 
second set of subcarriers; 

a second preamble segment including a third train- 
ing sequence within a third set of subcarriers of the 
channel, wherein the second set of subcarriers is a 
subset of the third set of subcarriers; and 

a variable length data segment utilizing the third set 
of subcarriers to convey data. 

[0013] Advantageously, the first preamble segment 
comprises: 

the first training sequence corresponding to a short 
training sequence; 

the second training sequence corresponding to a 
long training sequence; and 

a signal field that includes a rate indication, an indi- 
cation of length of the variable length data segment, 
and the high throughput channel indication. 

[0014] Advantageously, the second preamble seg- 
ment comprises: 

a channel format indication field to identify one of a 
plurality of high throughput channel formats; and 

high throughput channel training field that includes 
the third training sequence, wherein the third train- 
ing sequence corresponds to the one of the plurality 
of high throughput channel formats. 

[0015] Advantageously, the plurality of high through- 
put channel formats comprises at least two of: 

a 40 Mega Hertz (MHz) channel with 2 N subcarriers 
transmitted via a single antenna; 

a 20 MHz channel with 2 M subcarriers transmitted 
via the single antenna; 

a 10 MHz channel with 2 K subcarriers transmitted 
via the single antenna; 

the 40MHz channel with 2 N subcarriers transmitted 
via multiple antennas; 

the 20 MHz channel with 2 M subcarriers transmitted 
via the multiple antennas; and 

the 10 MHz channel with 2 K subcarriers transmitted 
via the multiple antennas. 
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[0016] Advantageously, when the one of the plurality 
of high throughput channel formats is the 40 MHz chan- 
nel with 2 N subcarriers transmitted via the single anten- 
na, the third training sequence comprises: 

a final channel estimation using the 2 N subcarriers 
of the 40 MHz channel. 

[0017] Advantageously, when the one of the plurality 
of high throughput channel formats is the 20 MHz chan- 
nel with 2 M subcarriers transmitted via the single anten- 
na, the third training sequence comprises: 

a final channel estimation using the 2 M subcarriers 
of the 20 MHz channel. 

[001 8] Advantageously, when the one of the plurality 
of high throughput channel formats is the 10 MHz chan- 
nel with 2 K subcarriers transmitted via the single anten- 
na, the third training sequence comprises: 

a final channel estimation using the 2 K subcarriers 
of the 10 MHz channel. 

[0019] Advantageously, when the one of the plurality 
of high throughput channel formats is the 40 MHz chan- 
nel with 2 N subcarriers transmitted via the multiple an- 
tennas, the third training sequence comprises: 

a first final channel estimation using the 2 N subcar- 
riers of the 40 MHz channel transmitted via a first 
one of the multiple antennas; and 

a second final channel estimate using the 2 N sub- 
carriers of the 40 MHz channel transmitted via a 
second one of the multiple antennas. 

[0020] Advantageously, when the one of the plurality 
of high throughput channel formats is the 20 MHz chan- 
nel with 2 M subcarriers transmitted via the multiple an- 
tennas, the third training sequence comprises: 

a first fmal channel estimation using the 2 M subcar- 
riers of the 20 MHz channel transmitted via a first 
one of the multiple antennas; and 

a second fmal channel estimate using the 2 M sub- 
carriers of the 20 MHz channel transmitted via a 
second one of the multiple antennas. 

[0021] Advantageously, when the one of the plurality 
of high throughput channel formats is the 10 MHz chan- 
nel with 2 K subcarriers transmitted via the multiple an- 
tennas, the third training sequence comprises: 

a first final channel estimation using the 2 K subcar- 
riers of the 10 MHz channel transmitted via a first 
one of the multiple antennas; and 



a second final channel estimate using the 2 K sub- 
carriers of the 10 MHz channel transmitted via a 
second one of the multiple antennas. 

5 [0022] According to an aspect of the invention, an ap- 
paratus for transmitting a frame within a high throughput 
wireless local area network is provided, the apparatus 
comprises: 

10 processing module; 

memory operably coupled to the processing mod- 
ule, wherein the memory stores operational instruc- 
tions that cause the processing module to prepare 
15 the frame by: 

generating a first preamble segment including 
a first training sequence, a second training se- 
quence, and a high throughput channel indica- 

20 tion, wherein the first training sequence is with- 

in a first set of subcarriers of a channel and the 
second training sequence is within a second set 
of subcarriers of the channel, wherein the first 
set of subcarriers is a subset of the second set 

25 of subcarriers; 

generating a second preamble segment includ- 
ing a third training sequence within a third set 
of subcarriers of the channel, wherein the sec- 
30 ond set of subcarriers is a subset of the third 

set of subcarriers; 

generating a variable length data segment uti- 
lizing the third set of subcarriers to convey data; 
35 and 

radio frequency transmission circuit operably cou- 
pled to transmit the first preamble segment, the sec- 
ond preamble segment, and the variable length da- 
40 ta segment as the frame. 

[0023] Advantageously, the first preamble segment 
comprises: 

45 the first training sequence corresponding to a short 
training sequence; 

the second training sequence corresponding to a 
long training sequence; and 

50 

a signal field that includes a rate indication, an indi- 
cation of length of the variable length data segment, 
and the high throughput channel indication. 

55 [0024] Advantageously, the second preamble seg- 
ment comprises: 

a channel format indication field to identify one of a 



4 



7 



EP 1 533 963 A2 



8 



plurality of high throughput channel formats; and 

high throughput channel training field that includes 
the third training sequence, wherein the third train- 
ing sequence corresponds to the one of the plurality 
of high throughput channel formats. 

[0025] Advantageously, the plurality of high through- 
put channel formats comprises at least two of: 

a 40 Mega Hertz (MHz) channel with 2 N subcarriers 
transmitted via a single antenna; 

a 20 MHz channel with 2 M subcarriers transmitted 
via the single antenna; 

a 10 MHz channel with 2 K subcarriers transmitted 
via the single antenna; 

a 40MHz channel with 2 N subcarriers transmitted 
via multiple antennas; 

a 20 MHz channel with 2 M subcarriers transmitted 
via the multiple antennas; and 

a 10 MHz channel with 2 K subcarriers transmitted 
via the multiple antennas. 

[0026] Advantageously, when the one of the plurality 
of high throughput channel formats is the 40 MHz chan- 
nel with 2 N subcarriers transmitted via the single anten- 
na, the third training sequence comprises: 

a final channel estimation using the 2 N subcarriers 
of the 40 MHz channel. 



10 



15 



20 



25 



30 



riers of the 40 MHz channel transmitted via a first 
one of the multiple antennas; and 

a second final channel estimate using the 2 N sub- 
carriers of the 40 MHz channel transmitted via a 
second one of the multiple antennas. 

[0030] Advantageously, when the one of the plurality 
of high throughput channel formats is the 20 MHz chan- 
nel with 2 M subcarriers transmitted via the multiple an- 
tennas, the third training sequence comprises: 

a first final channel estimation using the 2 M subcar- 
riers of the 20 MHz channel transmitted via a first 
one of the multiple antennas; and 

a second final channel estimate using the 2 M sub- 
carriers of the 20 MHz channel transmitted via a 
second one of the multiple antennas. 

[0031] Advantageously, when the one of the plurality 
of high throughput channel formats is the 1 0 MHz chan- 
nel with 2 K subcarriers transmitted via the multiple an- 
tennas, the third training sequence comprises: 

a first final channel estimation using the 2 K subcar- 
riers of the 10 MHz channel transmitted via a first 
one of the multiple antennas; and 

a second final channel estimate using the 2 K sub- 
carriers of the 10 MHz channel transmitted via a 
second one of the multiple antennas. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 



[0027] Advantageously, when the one of the plurality 
of high throughput channel formats is the 20 MHz chan- 
nel with 2 M subcarriers transmitted via the single anten- 
na, the third training sequence comprises: <o 

a final channel estimation using the 2 M subcarriers 
of the 20 MHz channel. 

[0028] Advantageously, when the one of the plurality *5 
of high throughput channel formats is the 1 0 MHz chan- 
nel with 2 K subcarriers transmitted via the single anten- 
na, the third training sequence comprises: 

a final channel estimation using the 2 K subcarriers 50 
of the 10 MHz channel. 

[0029] Advantageously, when the one of the plurality 
of high throughput channel formats is the 40 MHz chan- 
nel with 2 N subcarriers transmitted via the multiple an- 55 
tennas, the third training sequence comprises: 

a first final channel estimation using the 2 N subcar- 



[0032] 



Figure 1 is a schematic block diagram of a wireless 
communication system in accordance with the 
present invention; 

Figure 2 is a schematic block diagram of a wireless 
communication device in accordance with the 
present invention; 

Figure 3 is a diagram depicting frequency bands 
that may be used in accordance with the present 
invention; 

Figure 4 is a diagram depicting channel partitioning 
of a frequency band in accordance with the present 
invention; 

Figure 5 is a diagram of transmitting frames via an 
RF channel in accordance with an embodiment of 
the present invention; 
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Figure 6 is a diagram of a frame format in accord- 
ance with an embodiment of the present invention; 

Figure 7 is a diagram of channel configurations in 
accordance with an embodiment of the present in- 5 
vention; 

Figure 8 is a diagram of a first training sequence in 
accordance with the present invention; 

10 

Figure 9 is a diagram of a second training sequence 
in accordance with the present invention; 

Figure 10 is a diagram of a third training sequence 
in accordance with the present invention; is 

Figure 1 1 is a diagram of an alternative third training 
sequence in accordance with the present invention; 
and 

20 

Figure 12 is a diagram of another third training se- 
quence in accordance with the present invention; 

DETAILED DESCRIPTION OF THE INVENTION 

25 

[0033] Figure 1 is a schematic block diagram illustrat- 
ing a communication system 10 that includes a plurality 
of base stations and/or access points 12-16, a plurality 
of wireless communication devices 18-32 and a network 
hardware component 34. The wireless communication 30 
devices 1 8-32 may be laptop host computers 1 8 and 26, 
personal digital assistant hosts 20 and 30, personal 
computer hosts 24 and 32 and/or cellular telephone 
hosts 22 and 28. The details of the wireless communi- 
cation devices will be described in greater detail with 35 
reference to Figure 2. 

[0034] The base stations or access points 12-16 are 
operably coupled to the network hardware 34 via local 
area network connections 36, 38 and 40. The network 
hardware 34, which may be a router, switch, bridge, mo- *o 
dem, system controller, et cetera provides a wide area 
network connection 42 for the communication system 
10. Each of the base stations or access points 12-16 
has an associated antenna or antenna array to commu- 
nicate with the wireless communication devices in its ar- 45 
ea via one or more configurable channels within one or 
more frequency bands. Typically, the wireless commu- 
nication devices register with a particular base station 
or access point 12-14 to receive services from the com- 
munication system 10. For direct connections (i.e., so 
point-to-point communications), wireless communica- 
tion devices communicate directly via an allocated 
channel of the configurable channels. 
[0035] Typically, base stations are used for cellular 
telephone systems and like-type systems, while access 55 
points are used for in-home or in-building wireless net- 
works. Regardless of the particular type of communica- 
tion system, each wireless communication device in- 



cludes a built-in radio and/or is coupled to a radio. The 
radio includes a highly linear amplifier and/or program- 
mable multi-stage amplifier as disclosed herein to en- 
hance performance, reduce costs, reduce size, and/or 
enhance broadband applications. 
[0036] Figure 2 is a schematic block diagram illustrat- 
ing a wireless communication device that includes the 
host device 18-32 and an associated radio 60. For cel- 
lular telephone hosts, the radio 60 is a built-in compo- 
nent. For personal digital assistants hosts, laptop hosts, 
and/or personal computer hosts, the radio 60 may be 
built-in or an externally coupled component. 
[0037] As illustrated, the host device 18-32 includes 
a processing module 50, memory 52, radio interface 54, 
input interface 58 and output interface 56. The process- 
ing module 50 and memory 52 execute the correspond- 
ing instructions that are typically done by the host de- 
vice. For example, for a cellular telephone host device, 
the processing module 50 performs the corresponding 
communication functions in accordance with a particular 
cellular telephone standard. 

[0038] The radio interface 54 allows data to be re- 
ceived from and sent to the radio 60. For data received 
from the radio 60 (e.g., inbound data), the radio interface 
54 provides the data to the processing module 50 for 
further processing and/or routing to the output interface 
56. The output interface 56 provides connectivity to an 
output display device such as a display, monitor, speak- 
ers, et cetera such that the received data may be dis- 
played. The radio interface 54 also provides data from 
the processing module 50 to the radio 60. The process- 
ing module 50 may receive the outbound data from an 
input device such as a keyboard, keypad, microphone, 
et cetera via the input interface 58 or generate the data 
itself. For data received via the input interface 58, the 
processing module 50 may perform a corresponding 
host function on the data and/or route it to the radio 60 
via the radio interface 54. 

[0039] Radio 60 includes a host interface 62, digital 
receiver processing module 64, an analog-to-digital 
converter 66, a filtering/gain module 68, an IF mixing 
down conversion stage 70, a receiver filter 71 , a low 
noise amplifier 72, a transmitter/receiver switch 73, a 
local oscillation module 74, memory 75, a digital trans- 
mitter processing module 76, a digital-to-analog con- 
verter 78, a filtering/gain module 80, an IF mixing up 
conversion stage 82, a power amplifier 84, a transmitter 
filter module 85, and an antenna 86. The antenna 86 
may be a single antenna that is shared by the transmit 
and receive paths as regulated by the Tx/Rx switch 73, 
or may include separate antennas for the transmit path 
and receive path. The antenna implementation will de- 
pend on the particular standard to which the wireless 
communication device is compliant. 
[0040] The digital receiver processing module 64 and 
the digital transmitter processing module 76, in combi- 
nation with operational instructions stored in memory 
75, execute digital receiver baseband functions and dig- 
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ital transmitter baseband functions, respectively. The 
digital receiver functions include, but are not limited to, 
digital intermediate frequency to baseband conversion, 
demodulation, constellation demapping, decoding, and/ 
or descrambling. The digital transmitter functions in- 5 
elude, but are not limited to, scrambling, encoding, con- 
stellation mapping, modulation, and/or digital baseband 
to IF conversion. The digital receiver and transmitter 
processing modules 64 and 76 may be implemented us- 
ing a shared processing device, individual processing 10 
devices, or a plurality of processing devices. Such a 
processing device may be a microprocessor, micro-con- 
troller, digital signal processor, microcomputer, central 
processing unit, field programmable gate array, pro- 
grammable logic device, state machine, logic circuitry, 15 
analog circuitry, digital circuitry, and/or any device that 
manipulates signals (analog and/or digital) based on op- 
erational instructions. The memory 75 may be a single 
memory device or a plurality of memory devices. Such 
a memory device may be a read-only memory, random 20 
access memory, volatile memory, non-volatile memory, 
static memory, dynamic memory, flash memory, and/or 
any device that stores digital information. Note that 
when the processing module 64 and/or 76 implements 
one or more of its functions via a state machine, analog 25 
circuitry, digital circuitry, and/or logic circuitry, the mem- 
ory storing the corresponding operational instructions is 
embedded with the circuitry comprising the state ma- 
chine, analog circuitry, digital circuitry, and/or logic cir- 
cuitry. 30 
[0041] In operation, the radio 60 receives outbound 
data 94 from the host device via the host interface 62. 
The host interface 62 routes the outbound data 94 to the 
digital transmitter processing module 76, which proc- 
esses the outbound data 94 in accordance with a par- 35 
ticular wireless communication standard (e.g., IEEE 
802.11 Bluetooth, et cetera) to produce digital transmis- 
sion formatted data 96. The digital transmission format- 
ted data 96 will be a digital base-band signal or a digital 
low IF signal, where the low IF typically will be in the *o 
frequency range of one hundred kilohertz to a few meg- 
ahertz. Further, the digital transmission formatted data 
96 will be based on the channel width of the RF channel 
on which the data 96 will ultimately be transmitted. For 
example, the channel width may be 10 MHz, 20 MHz, 45 
or 40 MHz. Continuing with the example, if the channel 
is an OFDM (orthogonal frequency division multiplex- 
ing) channel, a 10 MHz wide channel may include 32 
subcarrier frequencies, a 20 MHz wide channel may in- 
clude 64 subcarrier frequencies, and a 40 MHz wide so 
channel may include 128 subcarrier frequencies, where 
the number of subcarriers used per channel is at least 
partially based on the spectral masked configured for 
the channel. Configuring the spectral mask will be de- 
scribed in greater detail with reference to Figures 3-6. 55 
[0042] The digital-to-analog converter 78 converts the 
digital transmission formatted data 96 from the digital 
domain to the analog domain. The filtering/gain module 



80 filters and/or adjusts the gain of the analog signal 
prior to providing it to the IF mixing stage 82. The IF 
mixing stage 82 converts the analog baseband or low 
IF signal into an RF signal based on a transmitter local 
oscillation 83 provided by local oscillation module 74. 
The power amplifier 84 amplifies the RF signal to pro- 
duce outbound RF signal 98, which is filtered by the 
transmitter filter module 85. The antenna 86 transmits 
the outbound RF signal 98 to a targeted device such as 
a base station, an access point and/or another wireless 
communication device. Note that the bandpass regions 
of the filters 80 and 85 are dependent upon the config- 
ured spectral mask for the RF transmission, which may 
be determined by the digital transmitter processing 
module 76. 

[0043] The radio 60 also receives an inbound RF sig- 
nal 88 via the antenna 86, which was transmitted by a 
base station, an access point, or another wireless com- 
munication device. The antenna 86 provides the in- 
bound RF signal 88 to the receiver filter module 71 via 
the Tx/Rx switch 73, where the Rx filter 71 bandpass 
filters the inbound RF signal 88. The Rx filter 71 provides 
the filtered RF signal to low noise amplifier 72, which 
amplifies the signal 88 to produce an amplified inbound 
RF signal. The low noise amplifier 72 provides the am- 
plified inbound RF signal to the IF mixing module 70, 
which directly converts the amplified inbound RF signal 
into an inbound low IF signal or baseband signal based 
on a receiver local oscillation 81 provided by local oscil- 
lation module 74. The down conversion module 70 pro- 
vides the inbound low IF signal or baseband signal to 
the filtering/gain module 68. The filtering/gain module 
68 filters and/or gains the inbound low IF signal or the 
inbound baseband signal to produce a filtered inbound 
signal. Note that the bandpass regions of the filters 71 
and 68 are dependent upon the configured spectral 
mask for the RF transmission, which may be determined 
by the receiver processing module 64. 
[0044] The analog-to-digital converter 66 converts the 
filtered inbound signal from the analog domain to the 
digital domain to produce digital reception formatted da- 
ta 90. The digital receiver processing module 64 de- 
codes, descrambles, demaps, and/or demodulates the 
digital reception formatted data 90 to recapture inbound 
data 92 in accordance with the particular wireless com- 
munication standard being implemented by radio 60 and 
the particular channel width of the channel. The host in- 
terface 62 provides the recaptured inbound data 92 to 
the host device 18-32 via the radio interface 54. 
[0045] As one of average skill in the art will appreciate, 
the wireless communication device of figure 2 may be 
implemented using one or more integrated circuits. For 
example, the host device may be implemented on one 
integrated circuit, the digital receiver processing module 
64, the digital transmitter processing module 76 and 
memory 75 may be implemented on a second integrated 
circuit, and the remaining components of the radio 60, 
less the antenna 86, may be implemented on a third in- 
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tegrated circuit. As an alternate example, the radio 60 
may be implemented on a single integrated circuit. As 
yet another example, the processing module 50 of the 
host device and the digital receiver and transmitter 
processing modules 64 and 76 may be a common 5 
processing device implemented on a single integrated 
circuit. Further, the memory 52 and memory 75 may be 
implemented on a single integrated circuit and/or on the 
same integrated circuit as the common processing mod- 
ules of processing module 50 and the digital receiver 10 
and transmitter processing module 64 and 76. 
[0046] Figure 3 is a diagram depicting a plurality of 
frequency bands (e.g., frequency band 1 through fre- 
quency band N), which are defined by a governmental 
agency for particular wireless applications. For exam- is 
pie, the Federal Communications Commission (FCC) 
defines, for the United States, frequency bands for spe- 
cific uses and for which an FCC license is required (e. 
g., radio transmissions, television transmissions, etc.) 
and also defines frequency bands that are unlicensed 20 
and, as such, can be used for a variety of applications. 
For instance, the FCC has defined several frequency 
bands in the radio frequency spectrum as being unli- 
censed. Such unlicensed frequency bands include 
902-928 MHz, 2.4-2.483 GHz and 5.75-5.85 GHz, which 25 
are collectively referred to as the ISM (Industrial Scien- 
tific Medical) band. Currently, the ISM band is used for 
in-building and system applications (e.g., bar code read- 
ers), industrial microwave ovens, wireless patient mon- 
itors, and wireless local area networks (WLAN). 30 
[0047] Figure 4 is a diagram depicting a particular fre- 
quency band that is divided into a plurality of channels. 
In accordance with the present invention, the channel 
width of each channel is selectable. As such, for a given 
frequency band, the number of channels will vary de- 35 
pending on the selected channel width. For instance, in 
one embodiment of the present invention, the channel 
width may be selected in accordance with IEEE 802.11 
(a) or (g), where IEEE 802.11 (a) provides wireless LAN 
operation specifications in the 5.15 to 5.35 GHz band. *o 
In general, the specified modulation schemes are based 
on Orthogonal Frequency Division Multiplexing (OFDM) 
which, for 802.11(a) divides the 5.15 to 5.35 GHz band 
into eight 20 MHz wide channels centered at 5. 1 8, 5.20, 
5.22, 5.24, 5.36, 5.28, and 5.30 GHz. In another embod- 45 
iment of the present invention, the 5.15 to 5.35 GHz 
band may be divided into eighteen 10 MHz wide chan- 
nels, with the first channel centered at 5.165 GHz and 
the remaining eleven centered at 10 MHz increments 
therefrom. In yet another embodiment of the present in- 50 
vention, the 5.15 to 5.35 GHz band may be dividing into 
three 40 MHz wide channels, with the channels cen- 
tered at 5.21, 5.25, and 5.29 GHz. The same channel 
width selectivity may be applied to the 2.4-2.482 GHz 
band covered by IEEE 802.11 (g), other frequency 55 
bands covered by an IEEE 802.11 standard, and/or any 
other wireless communication standard. The selectivity 
of the channel width provides for greater data through- 



put (e.g., at least twice the data rate of IEEE 802.11 (g)), 
for a diversity of applications, and/or for a single wireless 
communication device to support multiple wireless 
standards issued by various standard bodies, including 
governmental agencies, 

[0048] Figure 5 is a diagram illustrating a radio trans- 
mitter section 120 transmitting frames 126A, 126B via 
a radio frequency (RF) channel 124 to a radio receiver 
section 122. The radio transmitter section 120 is in one 
wireless communication device and corresponds to the 
digital transmitter processing module 76, digital-to-ana- 
log converter 78, filter/gain module 80, up-conversion 
module 82, power amplifier 84 and transmit filter module 
85 of the wireless communication device of Figure 2. 
The radio receiver section 122, which is in another wire- 
less communication device, corresponds to the digital 
receiver processing module 64, analog-to-digital con- 
verter 66, filter/gain module 68, down-conversion mod- 
ule 70, the low noise amplifier 72 and receive filter mod- 
ule 71 of the wireless communication device of Figure 
2. The channel 124 may be any one of the channels il- 
lustrated in Figure 3 and may have any spectral mass 
configuration as described in co-pending patent appli- 
cation having a serial number of 60/524,528, an attorney 
docket number of BP3400, entitled CONFIGURABLE 
SPECTRAL MASK FOR USE IN A HIGH DATA 
THROUGHPUT WIRELESS COMMUNICATION, with a 
filing date of 11/24/03. 

[0049] The format of frames 126A, B includes a 1 st 
preamble section 128, a 2 nd preamble section 130, and 
a variable length data segment 132. The 1 st preamble 
training segment 128 includes a 1 st training sequence 
134, a 2 nd training sequence 136 and a high throughput 
channel indication 138. The 2 nd preamble segment 130 
includes a 3 rd training sequence 140. In one embodi- 
ment, the 1 st training sequence 134 and 2 nd training se- 
quence 136 may correspond to the short and long train- 
ing sequences of a preamble in accordance with 
IEEE802.11a or g. The high throughput channel indica- 
tion 1 38 is set when the transmitting radio desires to use 
a high throughput channel configuration. If the high 
throughput channel indication is not set, the 2 nd pream- 
ble segment 130 would be ignored and the frame would 
be formatted similarly to legacy wireless local area net- 
works that operate in accordance with IEEE802.11a, b, 
g, et cetera. 

[0050] With the high throughput channel indication 
138 set, the 3 rd training sequence 140 of the 2 nd pream- 
ble segment is implemented to fine-tune the radio re- 
ceiver according to the particular channel configuration. 
The variable length data segment 132 includes a guard 
interval and associated data fields. The formatting of 
frame 126 is described in greater detail with reference 
to Figure 6. 

[0051] Figure 6 illustrates the frame 126 in greater de- 
tail. As shown, the 1 st preamble segment 128 includes 
the 1 st training sequence 134, the 2 nd training sequence 
136 and a signal field. The 1 st training sequence 134 
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includes 10 short training sequences that utilize only a 
portion of the sub-carriers of the particular channel. For 
instance, the channel configuration may be a 20MHz 
channel bandwidth with 64 sub-carriers. The 1 st training 
sequence 134 may only use 12 of the 52 data sub-car- 5 
riers to convey the corresponding short training se- 
quence. The 2 nd training sequence 136 includes 2 long 
training sequences that may utilize 52 of the 52 data 
sub-carriers of a 20MHz, 64 sub-carrier channel. 
[0052] The signal field includes a guard interval (Gl) w 
and includes 24 bits of information. The 1 st 4 bits corre- 
spond to the rate of the data transmission, the next bit 
indicates the high through-put channel indication 138, 
the next 12 bits correspond to the length of the variable 
length data segment 1 32, bit 1 7 corresponds to the par- 15 
ity of the data and the remaining 6 bits correspond to a 
signal tail. 

[0053] If the high throughput channel indication 138 
is not set, the receiving radio will configure itself based 
on a default or 1 st channel configuration which may be 20 
the 20MHz bandwidth channel utilizing 64 sub-carriers 
as currently defined in IEEE802.11a and/or g. If, how- 
ever, the high throughput channel indication 138 is set, 
and the receiver is capable of alternative channel con- 
figurations, it will begin interpreting the 2 nd preamble. 25 
[0054] The 2 nd preamble segment 130 includes a 
channel format identification field and a plurality of train- 
ing sequences 1 40 - 1 4 1 . The channel identification field 
may include an additional 4-bits for rate information, 
5-bits of channel configuration information, 12-bits to in- 30 
dicate a training matrix, and the remaining 3-bits may 
be reserved. As one of average skill in the art will ap- 
preciate, the 24-bits of the channel format identification 
field may be configured in a variety of ways to convey 
information to the receiving radio as to the bit rate of the 35 
high throughput data, the channel configuration on 
which the high throughput data will be conveyed, a di- 
versity antenna arrangement, and a channel matrix to 
produce dual RF transmissions over a single channel. 
[0055] Once the channel format identification field has *o 
been processed, the receiving radio reconfigures itself 
based on the channel configuration and the data rate. 
Having reconfigured itself, the radio receives the 3 rd 
training sequence 140 through the nth training se- 
quence 141 (where corresponds to the number of trans- 45 
mitting antennas) that utilizes a majority of the sub-car- 
riers in accordance with the new channel configuration. 
The channel configurations will be described in greater 
detail with reference to Figure 7. 

[0056] The rate bits in the 1 st preamble and 2 nd pre- 50 
amble may be used in combination to provide 8-bits of 
rate information and/or may be used separately to pro- 
vide, in the case of dual communications over a single 
path, to indicate the rates of the separate communica- 
tions. The variable length data segment 1 32 includes a 55 
plurality of data segments and associated guard inter- 
vals (Gl). 

[0057] Figure 7 is a table illustrating the various chan- 



nel configurations, which may be utilized to convey the 
high data throughput communications. The channel 
configuration table includes a column for the bits to in- 
dex the particular channel configuration and configura- 
tion information, which includes channel bandwidth, 
number of sub-carriers per channel, rate interpretation 
(i.e., are the rate bits in each of the preamble sections 
to be combined or used separately) and space time cod- 
ing (i.e., the number of channel paths that the particular 
RF channel is supporting). In this example, there are 3 
channel bandwidth options, 10MHz, 20MHz, and 
40MHz, which may be used in any one of a number of 
frequency bands, including, but not limited to, 2.400 - 
2.4835 GHz, 2.471 - 2.497 GHz, 5.15 - 5.25 GHz, 5.25 
- 5.35 GHz, 5.47 - 5.725 GHz, 5.725 GHz - 5.825 GHz, 
4.9 - 5.3 GHz, and 5.85 - 5.925 GHz.. The default oper- 
ation of the wireless communication system in accord- 
ance with the present invention would operate as de- 
fined in IEEE 802.11 a or g. As is known, the channel 
configuration for 802.11 a and/or g includes a 20MHz 
channel bandwidth utilizing 64 sub-carriers where only 
1 path is supported by the RF channel. Hence, the de- 
fault channel configuration is not in the channel config- 
uration information in the 2 nd preamble section. 
[0058] If, however, a 20MHz bandwidth channel is 
used that has spatial time coding that supports 2 paths 
via a single RF channel, then a higher data throughput 
is achieved. In one instance, the rate on both channels 
is the same corresponding to a rate interpretation of 0, 
which allows the eight bits (4 from the first preamble seg- 
ment and 4 from the second preamble segment to be 
combined into one 8 bit code). If the rates for the 2 paths 
in space time coding are different, then the rate inter- 
pretation is 1 . In this instance, the 4 bits of rate informa- 
tion in the 1 st preamble segment is used to indicate the 
rate of one of the channel paths and the 4 bits of rate 
information in the 2 nd preamble segment are used to in- 
dicate the rate of the other channel path. 
[0059] As is further shown in the table, the 40 MHz 
channel bandwidth may include 128 sub-carriers and 
support 1 or 2 paths per channel. Similarly, the 10MHz 
channel bandwidth has 64 sub-carriers and may support 
1 or 2 channel paths. 

[0060] Figure 8 is a diagram illustrating the 1 st training 
sequence 114 that is based on a 20MHz channel and 
64 sub-carriers per channel. The training sequence is 
repeated twice and only uses 12 sub-carriers of the total 
64 sub-carriers. In one embodiment, each of the 12 sub- 
carriers carries a symbol that is either 1+j or "1"j. During 
this part of the preamble, the receiver is utilizing the 1 st 
training sequence 114 as a signal detect and once a 
possible signal is detected to adjust the gain settings 
within the receiver as well as to determine whether any 
diversity antenna selections have been made. In addi- 
tion, the receiver, during the later portions of the 1 st train- 
ing sequence 114, may be performing coarse frequency 
adjustments, offset estimations, and/or timing synchro- 
nizations. 
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[0061] Figure 9 is a diagram illustrating the 2 nd train- 
ing sequence 116 that utilizes a 20MHz channel band- 
width with 64 sub-carriers. Of the 64 sub-carriers, 53 are 
used in the 2 nd training sequence 116. Each sub-carrier 
carries a symbol of +1 or -1 , except for the 0 th subcarrier, 
which carries a zero value. As the receiver is detecting 
the 2 nd training sequence 116 it may be performing 
channel and fine frequency adjustments and/or fine off- 
set adjustments. 

[0062] Figure 1 0 is a diagram illustrating the 3 rd train- 
ing sequence 120 of a 40MHz channel utilizing single 
space time channel partitioning and including 128 sub- 
carriers. In this instance, the preamble uses 105-119 
of the 128 sub-carriers wherein the symbols may be +1 
or -1 to convey the training sequence. At this phase, the 
receiver is again performing channel and fine frequency 
adjustments corresponding to the 40MHz channel 128 
sub-carrier configuration of the channel. In addition, the 
receiver may be performing fine offset adjustments for 
the particular channel configuration. 
[0063] Figure 1 1 is a diagram of an alternate 3 rd train- 
ing sequence 120 where the channel configuration is a 
10MHz channel having 64 sub-carriers. In this instance, 
the 3 rd training sequence 120 utilizes 53 sub-carriers of 
the 64 possible sub-carriers. During this time frame, the 
receiver is performing channel and fine frequency ad- 
justments and/or fine offset adjustments for the 10MHz 
bandwidth, 64 sub-carrier channel. Note that the sym- 
bols utilized in the training sequence may be +1 or _ 1. 
[0064] Figure 1 2 is a diagram illustrating the 3 rd train- 
ing sequence 120 where the channel selection is a 
40MHz channel, having 128 sub-carriers and utilizes 
space time encoding to produce 2 paths (path A and 
path B). In this instance, each path has its own corre- 
sponding training sequence that utilizes 105-119 sub- 
carriers of the possible 128 sub-carriers. The symbols 
in each sub-carrier may be a +1 or "1. During this time 
frame, the receiving radio may be performing channel 
and fine frequency adjustments and/or fine offset adjust- 
ments for each path of the 40MHz channel. 
[0065] As one of average skill in the art will appreciate, 
the term "substantially" or "approximately", as may be 
used herein, provides an industry-accepted tolerance to 
its corresponding term. Such an industry-accepted tol- 
erance ranges from less than one percent to twenty per- 
cent and corresponds to, but is not limited to, component 
values, integrated circuit process variations, tempera- 
ture variations, rise and fall times, and/or thermal noise. 
As one of average skill in the art will further appreciate, 
the term "operably coupled", as may be used herein, in- 
cludes direct coupling and indirect coupling via another 
component, element, circuit, or module where, for indi- 
rect coupling, the intervening component, element, cir- 
cuit, or module does not modify the information of a sig- 
nal but may adjust its current level, voltage level, and/ 
or power level. As one of average skill in the art will also 
appreciate, inferred coupling (i.e., where one element is 
coupled to another element by inference) includes direct 



and indirect coupling between two elements in the same 
manner as "operably coupled". As one of average skill 
in the art will further appreciate, the term "compares fa- 
vorably", as may be used herein, indicates that a com- 

5 parison between two or more elements, items, signals, 
etc., provides a desired relationship. For example, when 
the desired relationship is that signal 1 has a greater 
magnitude than signal 2, a favorable comparison may 
be achieved when the magnitude of signal 1 is greater 

10 than that of signal 2 or when the magnitude of signal 2 
is less than that of signal 1 . 

[0066] The preceding discussion has presented a 
new frame format and radio transmitter for high data 
throughput wireless local area network transmissions, 
15 with backward compatibility to legacy systems. As one 
of average skill in the art will appreciate, other embodi- 
ments may be derived from the teaching of the present 
invention without deviating from the scope of the claims. 

20 

Claims 

1 . A frame format for high data throughput wireless lo- 
cal area network transmissions, the frame format 

25 comprises: 

a first preamble segment including a first train- 
ing sequence, a second training sequence, and 
a high throughput channel indication, wherein 

30 the first training sequence is within a first set of 

subcarriers of a channel and the second train- 
ing sequence is within a second set of subcar- 
riers of the channel, wherein the first set of sub- 
carriers is a subset of the second set of subcar- 

35 riers; 

a second preamble segment including a third 
training sequence within a third set of subcar- 
riers of the channel, wherein the second set of 
40 subcarriers is a subset of the third set of sub- 

carriers; and 

a variable length data segment utilizing the 
third set of subcarriers to convey data. 

45 

2. The frame format of claim 1, wherein the first pre- 
amble segment comprises: 

the first training sequence corresponding to a 
50 short training sequence; 

the second training sequence corresponding to 
a long training sequence; and 

55 a signal field that includes a rate indication, an 

indication of length of the variable length data 
segment, and the high throughput channel in- 
dication. 
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3. The frame format of claim 1 , wherein the second 
preamble segment comprises: 

a channel format indication field to identify one 
of a plurality of high throughput channel for- 5 
mats; and 

high throughput channel training field that in- 
cludes the third training sequence, wherein the 
third training sequence corresponds to the one 
of the plurality of high throughput channel for- 
mats. 

4. The frame format of claim 3, wherein the plurality of 
high throughput channel formats comprises at least 
two of: 

a 40 Mega Hertz (MHz) channel with 2 N sub- 
carriers transmitted via a single antenna; 

a 20 MHz channel with 2 M subcarriers transmit- 
ted via the single antenna; 

a 10 MHz channel with 2 K subcarriers transmit- 
ted via the single antenna; 

the 40MHz channel with 2 N subcarriers trans- 
mitted via multiple antennas; 

the 20 MHz channel with 2 M subcarriers trans- 
mitted via the multiple antennas; and 

the 10 MHz channel with 2 K subcarriers trans- 
mitted via the multiple antennas. 

5. The frame format of claim 4, wherein, when the one 
of the plurality of high throughput channel formats 
is the 40 MHz channel with 2 N subcarriers transmit- 
ted via the single antenna, the third training se- 
quence comprises: 

a final channel estimation using the 2 N subcar- 
riers of the 40 MHz channel. 

6. The frame format of claim 4, wherein, when the one 
of the plurality of high throughput channel formats 
is the 20 MHz channel with 2 M subcarriers transmit- 
ted via the single antenna, the third training se- 
quence comprises: 

a final channel estimation using the 2 M subcar- 
riers of the 20 MHz channel. 

7. An apparatus for transmitting a frame within a high 
throughput wireless local area network, the appa- 55 
ratus comprises: 

processing module; 



memory operably coupled to the processing 
module, wherein the memory stores operation- 
al instructions that cause the processing mod- 
ule to prepare the frame by: 



a channel format indication field to identify one 
of a plurality of high throughput channel for- 
mats; and 

high throughput channel training field that in- 
cludes the third training sequence, wherein the 
third training sequence corresponds to the one 
of the plurality of high throughput channel for- 
mats. 



generating a first preamble segment in- 
cluding a first training sequence, a second 
training sequence, and a high throughput 
channel indication, wherein the first train- 
to ing sequence is within a first set of subcar- 
riers of a channel and the second training 
sequence is within a second set of subcar- 
riers of the channel, wherein the first set of 
subcarriers is a subset of the second set of 
15 subcarriers; 

generating a second preamble segment in- 
cluding a third training sequence within a 
third set of subcarriers of the channel, 
20 wherein the second set of subcarriers is a 

subset of the third set of subcarriers; 

generating a variable length data segment 
utilizing the third set of subcarriers to con- 
25 vey data; and 

radio frequency transmission circuit operably 
coupled to transmit the first preamble segment, 
the second preamble segment, and the varia- 
30 ble length data segment as the frame. 

8. The apparatus of claim 7, wherein the first preamble 
segment comprises: 

35 the first training sequence corresponding to a 

short training sequence; 

the second training sequence corresponding to 
a long training sequence; and 

40 

a signal field that includes a rate indication, an 
indication of length of the variable length data 
segment, and the high throughput channel in- 
dication. 

45 

9. The apparatus of claim 7, wherein the second pre- 
amble segment comprises: 
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10. The apparatus of claim 9, wherein the plurality of 
high throughput channel formats comprises at least 
two of: 

a 40 Mega Hertz (MHz) channel with 2 N sub- 5 
carriers transmitted via a single antenna; 

a 20 MHz channel with 2 M subcarriers transmit- 
ted via the single antenna; 

10 

a 10 MHz channel with 2 K subcarriers transmit- 
ted via the single antenna; 

a 40MHz channel with 2 N subcarriers transmit- 
ted via multiple antennas; is 

a 20 MHz channel with 2 M subcarriers transmit- 
ted via the multiple antennas; and 

a 1 0 MHz channel with 2 K subcarriers transmit- 20 
ted via the multiple antennas. 
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